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 ABSTRACT

The modification of the transition rate from the
Einstein A coefficient for an atomic dipole transition
due to the presence of a similar atom is obtained without

the use of damping theory. 4-
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The purpose of this note is to show how the effect of
the presence of a similar atom in its ground state on the life-
time of an atom in its first excited state is easily obtained by
first order perturbation theory. This is in exact analogy with
the calculation of the Einstein A - coefficient and does not

(1)

need damping theory. Dicke pointed out the changes in life-
time to be expected on symmetry arguments when the two atoms are
separated by a distance R <: %{ ( ‘x/is the reduced dipole
wave length) but still greater than the atomic size. Then the
two atoms see essentially the same amplitude of the electric field
and dipole selection rules apply to the decay of the combined
system. The antisymmetric state ié’;table the symmetric state
has a lifetime one half of the isolated atom. Stephen(z) and
Hutchinson and Hameka(3) have computed the apparent lifetime as

a function of R by using variants of Heitler's damping theory(h)
Here we calculate the lifetime by first order perturbation theory
in a manner completely analogous to obtaining the Einstein A

coefficient for a radiating isolated atom.

The interaction Hamiltonian for dipole transitions is
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where M (1) and /u(z) are the dipole moment operator
of the two systems. Elfgi) is the transverse electric field

vector which is expanded into the Fourier Series in the volume V

.
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= ke is the circular frequency, k the wave vector.
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e( ) (k) 1is a unit vector along the direction of polarization
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for the wave-vector §~ and polarization A =1o0r 2. Due to

the transverse nature of the photon
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which gives the two possible values of ,l . Finally a(k) (9
and a('\) (k) are the annihilation and creation operators for

photons of mode k, A and satisfy the commutation relations
A
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Since the interaction (1) is linear in the electric field
first order perturbation theory is sufficient to give the lowest
order non-vanishing matrix element for the transition from 'L>

to ,§> . Now from the golden rule
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From the dipole approximation inherent in the interaction (1)

neither the variation of e’ kny over molecule (1) nor that

of e’ k. 1 over molecule (2).

Thus ,
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The atomic final state is just the two atoms in their ground

state
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while the initial state is either of the states
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Now from the transverse nature of the photon, equation 3,
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The angular integral is elementary
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where o4 = S‘j — ReR — (14
A A
and F‘J = g‘-‘j (3?"‘ RJ - (15)



Finally using the necessary hypothesis that the two atoms are

identical
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When e(< '\/ we are left with the Dicke result; using

trij (o) = % S‘J from equation (13) -

U,'} - _é_? kl 1# IL = 2 w.\_f(Einstein) — (17)
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On the other hand f?:' large R) ’t’ig (kR)A-o(;;j‘ 'f—,E'é"R — (19)
and so wif+= &);_f :%-—k?‘/i, for R>DX

= ﬁ&f (Einstein) —  (20)
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